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ABSTRACT
Pesticide Exposure Studies:
Direct and Indirect Detection of Absorption of 2,4-D
and Pronamide Herbicides in the Guinea Pig and
Occupationa lly Exposed Workers
by
Ibrahim A. R. Al-Jabery, Doctor of Philosophy
Utah State University, 1980
Major Professor: Dr. Joseph C. Street
Department:
Interdepartmental Program in To x icology
A simple high pressure liquid chromatography
procedure was used to determine 2,4-D and pronamide
exposure in spraymen and their dermal absorption and
excretion i n guinea pigs.
Resul~s

of dermal app lication of these herbicides

to guinea pigs demonstrated a strong correlation between
the applied dermal dose and the urinary residue excretion
over the dosage range tested.

As the dosage was increased ,

the urinary excretion of residues was also increased.
However, the excretion of 2,4-D amine mixture following
dermal treatment of guinea pigs wa s prolonged as compared
to that of pronamide.
Residue levels of these compounds \vere also
determined to estimate skin contamination after s amp ling

X

by filter pads attached to the clothing and arms of
agricultural spraymen.

Residues in the workers ' urine

before and after exposure were also determined.

Average

exposure values of 44.93 mg/hr/man for 2 , 4-D and 0.83
mg/hr/man for pronamide were extrapolated from residue
values obtained from analyzing th e pads .

Little

correlation was found between the measured residues
from exposed subjects and residues quantified in their
urine samples.

(110 pages)

INTRODUCTION
Various mixtures of dimethylamine (DMA) salts of
2,4-dichlorophenoxyacetic acid (2,4-D) and 3,6-dichloro-oanisic acid (Ban ve 1

Gi)

or dicamba) have been used widely

in agriculture for the control of phenoxy-tolerant annual
and perennial broadleaf weeds and brush species at postemergence stages (WSSA, 1974).
5-dichlorobenzamide

~-(1,1-dimethylpropynyl)-3,

(pronamide or Kerb® 50-W) is a

selective pre - and post-emergence herbicide (Viste et al.,
1970) used to control various grasses and broadleaf weeds.
The potential hazards of 2,4-D and pronamide to
public health and quality of the environment have been
considered by the United States Environmental Protection
Agency (EPA).

The EPA has identified pesticide applicators,

users, and persons ingesting treated food products as the
key populations at risk with respect to pronamide and
2,4-D.

Human exposure to these compounds on a chronic

basis could pose a health risk.

Association with

carcinogenisis has been claimed, for example, in workmen
occupationally exposed to 2,4-D and a variety of other
pesticides (Hardell, 1979).

The oncogenicity of pronamide

(Federal Register, 1979) has been noted in laboratory
animals.

The risk associated with exposure is, therefore,
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an important concern.

Hence, reliable detection and

quantitation of exposure is critical.
There is little information on the potential
absorption and urinary excretion of residues of 2,4 - D or
pronamide and little information on the comparative rate
of appearance of these toxicants or their metabolites in
physiological samples of man and laboratory animals have
been published.

Urinary analysis could be a sensitive

procedure and good indicator for 2,4-D or pronamide
exposure since these herbicides are readily excreted in
the urine of animals.

Therefore, this study has been

designed to compare more direct (absorbent pads or hand
washing) evidences for exposure to indirect evidence
obtained by urinalysis.

Portions of the research

involved the use of guinea pigs given direct, planned
dermal doses of the selected herbicide(s).

Other portions

documented human exposure resulting from weed control
efforts along highways and in agriculture.

3

REVIEW OF LITERATURE

The hazard and impact of pesticide applications in
the agro-ecosystem have been brought to the attention and
concern of various research groups during the past three
decades.

Literature on the subject indicates that

pesticides have contaminated land (Fisher et al., 1965;
Walker, 1970; Freed et al., 1972), water (Sparr and
Appleby, 1966; Norris and Montgomery, 1975), food (Yu
et al., 1975), and air (Cohen and Pinkerton, 1966)
throughout the world.
Toxicological and pharmacological parameters in
evaluating the relative hazards of man's exposure to
pesticides in occupational and nonoccupational situations
have been the subject of concern by various toxicologists.
Direct and indirect measures of exposure and information
about the magnitude of clinical and subclinical effects,
and the effectiveness of treatment protocols (Sauerhoff
et al., 1976; Young and Haley, 1977; Kolny and Kita,
1978; Bezuglyi et al., 1979) are required.

Studies of

human exposure and health hazard assessment in agricultural workers and pesticide formulating plants were
outlined by Culver et al.
Hayes et al.

(1956), Hartwell et al.

(1964), Poland et al.

(1974), and Rodnitzky et al.

(1964),

(1971), Menz et al.

(1975).

4
Skin is an important portal of entry for pesticides.
Marked regional variation in percutaneous penetration in
man was observed (Maibach et al., 1971).

However, the

potential dermal exposure, in agricultural spraying
operations, is much greater than the potential respiratory
exposure (Wolfe et al.,· 1967) in the worker-environment,
because the skin receives a higher dose than the lungs
(Batchelor and Walker, 1954; Durham and Wolfe, 1962).
Also penetration and retention of particulate matter in the
lungs depend on many factors including size, shape,
hydroscopic properties, density of particles, the chemical
form, and whether or not the material is inhaled by the
nose or by the mouth (Hayes, 1975).

I n fact, the average

potential respiratory exposure tends to be higher in
agricultural dusting operations than during agricultural
spraying operations (Wolfe et al., 1967).

A summary of

occupational exposure to pesticides and monitoring
pesticide pollution in the environment is given in Table 1.
Detection of Pesticide Exposure
Respiratory Exposure
Direct respiratory measures.

Direct methods often

involve such measures as determination of the amount of
pesticide residues deposited on filter pads of a single
or double unit respirator worn by the subject during an

Tabl e 1 .

Summar:y of studies of occupational e -xposure to pesticides- and monitoring
pesticide pollutien in the environment

Pesticide

Material
Sampled

Exposure Measures
Respiratory~

Dermal

Air Samplin a

Reference

AzinphosJrethyl and
captan

spray

blotte r paper:
patches were
attached to
the clothing
of participants

cotton filter:
pads were held
in double-unit
respirator

Hansen et al .
1978

Azinphosrrethyl,
malathion,
dieldrin,
endrin, and

dust and
spr:ay

alpha-cellulose
pads for spray,
layered gauze
pads for: dust
exposure, Hands
were either
rinsed with
ethanol or
swabbed with
alcohol irrpr:egnated gauze
swabs

respiratory
filter pads
were held in
special single
or double-unit
respirator

Wolfe et a l. 1
1967

lJiiiCX:

Chlorinated
hydrocarbon,
organophosphorus insecticides, and
phthalate esters

Hexane hand
rins ings for the
renoval of sare
pesticides that
may persist on the
skin for long
periods of tirre
after exposure

Kazen et al.
1974

1

1

Ul

Table 1 .

Continued

Pesticide

Material
Sampled

Chlorinated
hydrocarbon
and organophosphorus
insecticides

dust and
vapors

Chlorinated
hydrocarbon and
organophosphorus
insecticides

spray

Dermal

Exposure Measures
Respiratory Air Sampling

Reference

filter paper,
glass fiber,
membrane filters,
and GreenburgSmith type impingers
that were connected
to a vacuum ptnrp for
trapping dust and
vapors

Miles et al. ,
1970

--

--

Green-Smith impingers
and screens of nylon
chiffon and nylon
organdy were used
to entrap airborne
residues

Tessari and
Spencer, 1971

Chlorinated
vapors
hydrocarbon
in air
insecticides
and the herbicides trifluralin
and dacthal

--

--

plugs of polyurethane
foam were put on
sampling assembly
and connected with
tubing to a vaeuum
cleaner for trapping
vapors

Turner and
Glotfelty,
1977

2,4-D acid
esters and
DMA salts

-

--

air was sampled by a
Adams et al. ,
stationary air sampler 1964
and by a modified
midget impinger that
was charged with
n-decane

vapors
and
aerosols

0\

Table l.

Pesticide
2,4 - D and

Continued
Material
Sampled

Dermal

Exposyre Measures
Respiratory Air Sampling

Reference

vapors and
residues

polyurethane foam
filters fit on
exhaust holes of
an aerodynamic
chamber to entrap
airborne residues

Anonymous,

2,4 - D acid,
esters and
DMA salts

airborne
residues

arrberlite-XAD-2
resin was packed
in a collecting tube
that connected to a
pump for air sampling

Farwell et
al., 1977

2,4-D esters

airbome
residues

liquid (toluene)
traps and solid
absorbent (silica
gel, 60/80 mesh)
were connected to
vacuwn sources for
atmospheric sampling

Grover et al . ,

2,4-D acid,
esters, and
DMA salts

airbome
residues

amberlite XAD-2
Johnson et al . ,
resin was used in
1977
both stationaL-y and
portable air samplers

Dieldrin

spray

various

pesticides

plain filter
paper and lanolin impregnated
pads were placed
on the skin and
outside clothing
of workers

1977

1976

Fletcher et
al., 1959
-.J

Table L

Continued

Pesticide

Material
Sampled

Guthion

spray

Guthion and
ethylguthion

dust

Malathion and
chlorthion

aerosols

Parathion

spray

Dermal

Exposure Measures
Respiratory Air Sampling

alpha-cellulose
pads on actual
workers and
by strapping
absorbent materials on observers sitting on
tractors beside
spray operators

respiratory
pads were attached to
double-unit
respirator

air samples were
taken in the tractor
operator's breathing
zone in all-glass
fritted absorbers by
means of portable
electric or hand
operated suction
pumps

Reference
Jeiger,
1964

dust pads worn
over rrouth and
nose during
working hours
with confirmation by methylene
blue showing these
to be inefficient

Simpson,

alpha-cellulose
bands and
patches. Cotton
knit gloves for
hands

cellulose
atrrospheric
sampling was done
filter pads
were placed in with all-glass midget
front of the
impingers at the
cartridges of
breathing zone of
dust respirthe working team
ators

Culver et

filter pads for
unprotected skin
areas

respiratory
air samples were col- Batchelor
pads and MSAlected, using a three i;llld Walker,
type respirator stage all-glass modi- 1954
fied Greenburg-Smith
impinger with ethanol
as the trapping medium

1965

al.,l956

00

Table 1.

Contimed

Pesticide

Material
SampJeli

Parathion

s pray and
dust

Trifluralin
and parathion

vapcrs in
air from
emulsifiable
concentrate
sprays

_Derma l

Exposure Measures
H.esQiJ;:atQry Air S.arrmlinq

various skin
surfaces were
scrubbed with
alcohol-moistened cotton swabs

Reference

breathing-zone dust
Milby et al. ,
sampl es were collec1964
ted on lapel-mounted
filterpaper air samplers
high-volurre air
Woodrow et
s~nplers were filled
al. ,l978
with Amberlite XAD-4
resin as the trapping
medium for vapcrs

<D
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accurately-timed period of exposure (Durham and Wolfe,
1962; Wolfe et al., 1972).
Indirect respiratory measures.

Airborne residues of

various kinds of chemicals, as aerosols and gases, have
been monitored in the air with numerous sampling devices
that consist basically of an air inlet, collector,
pump or vacuum source, and other supplementary devices.
The adequacy of estimates of respiratory exposure based
on air concentration values depends on many variables
including the kind of trapping medium, the particulate
size, rate of air flow , volume of air sample in an open
(general) or in confined atmospheres, location of air
sampler, and climatic factors.

Sampling for pesticides

in the general atmosphere requires processing large
volumes of air because of the low concentrations usually
encountered, whereas in a confined workroom environment
such as a factory, storehouse or dwelling, a much smaller
volume of air is generally required for a sample.

This is

due, in part, to higher concentrations usually found in
confined occupational areas.
Generally, samples of air were collected on and/or
in various kinds of trapping media.

These trapping media

can be classified as fiber and membrane filters

(Milby

et al., 1964; Wolfe et al., 1967; Spurny et al., 1969a,b;
Miles et al., 1970; !-lela and Phillips, 1974; Liu et al.,
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1976), polyurethane foam filter (Anonymous, 1977; Turner
and Glotfelty, 1977), nylon net (Tessari and Spencer,
1971), organic solvents (Batchelor and Walker, 1954;
Caplan et al., 1956; Culver et al., 1956; Simpson and
Beck, 1965), and solid adsorbents (Yule et al., 1971;
Thomas and Seiber, 1974; Farwell et al., 1977; Johnson
et al., 1977; Woodrow et al., 1978; Woodrow and Seiber,
19 78) .
Dermal Exposure
Direct detection of dermal exposure using spray
absorbent or dust-retaining materials.

This method of

detection of skin contamination is done by entrapping the
toxic material as i t comes in contact

wiG~

the subject's

body during one or more complete cycles of work by using
filter pads of alpha-cellulose

(Wolfe et al., 1963;

Jegier, 1964; Holfe et al., 1967), filter pape r

(Batchelo r

and \•alker, 1954; Batchelor et al., 1956; Milby et al.,
1964; Simpson and Beck, 1965), and blotter paper (Hansen
et al., 1978)

for sprays and pads backed by filter paper

made from surgical gauze (Wolfe et al., 1963; Simpson,
1965) or cotton knit gloves (Culver et al., 1956)
measuring dust.

for

These pads can be attached over or under

clothing and on almost any parts of the body that are
normally unclothed.
In an effort to improve the trapping efficiency of
dermal pads, Fletcher et al.

(1959)

investigated the use
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of pads impregnated with an emulsion of lanolin in
isohexane for measuring exposure of spraymen to dieldrin.
Their results indicated that lanolin-impregnated pads
did not prove satisfactory because lanolin interferred
with the chemical determination.

Also, lanolin was

absorbed by the skin, causing the blank value to vary
from one part of the body to another depending on the
amount of sweating.

Fletcher and his co-workers

(1959)

thus concluded ti>at for use in measuring exposure, plain
pads were preferable to lanolin-impregnated ones.
Contamination of the hands is measured either by
rinsing in a suitable solvent or by swabbing with solventimpregnated gauze swabs (Hilby et al., 1964; Wolfe et al.,
1967; Kazen et al., 1974).

The use of the swabbing

process alone for estimating contaminants on the hands
of workers proved to be unsatisfactory (Durham and Wolfe,
1 962) .

However, the dermal pad extracts and the hand

rinsings can be analyzed for estimating dermal exposure.
Dermal exposure values have been calculated on
several assumptions , including assumptions that the
exposed person wears a short-sleeve, open-necked shirt, no
gloves or hat, and that his clothing will give complete
protection of the areas covered.

It has been recommended

that calculation of the potential exposure needs to be
based on the lesser amount of protective clothing so that
safety recommendations derived from these calculations

13

would tend to be on the conservative side (Wolfe et al.,
1967).

The surface areas of the usually unclothed body

parts (face, back of neck, "V" of chest, forearms and
hands) are determined using Berkow's values for surface
area (Berkow, 1931).

The total calculated dermal

exposure is the sum of the exposures of the usually
unclothed body parts (Batchelor et al., 1956; Simpson
and Beck, 1965; Hansen et al . , 1978).
Indirect exposure measures.

The indirect methods

involve either detection of some pharmacological effects
of the toxicants on the exposed subjects (Seabury, 1963;
Bonderman et al., 1971; Young and Haley, 1977, 1979) or
the detection of the parent compound and/or its
metabolite(s)

in the blood, tissue and excreta (Kohli et

al. , 1974; Sauerhoff et al., 1976; Bezuglyi et al., 1979).
The indirect methods have been quite extensively employed
in studying exposure of workers to pesticides (Milby et
al., 1964; Drenth et al., 1972; Rodnitzsky et al . , 1975;
Kolny and Kita, 1978), but are not used for quantitation
of exposure to pesticides.

A summary of pharmacological

and toxicological effects of pesticides that have been
utilized in human exposure assessment is presented in
Table 2.

Table 2.

Summary of pharmacological and toxicological effects of pesticides that
have been utili zed in human exposure assessment

Pesticide

Exposure

Type of Test

mlorinated hydmcarbon, organophosphorus , carbamate insecticides

workers using
pesticides

rreasurerrent of
blood molinesterase activity, blood
biod!emistry,
hepatic and renal
function tests,
e lectrornyographic
(EMG) examination
of neuromuscular
function

mlorinated hydrocarlx:n , organophosphorus , and
carbamate
insecticides

percutaneous
absorption study
in man

C--14 was measured
in urine for 5
days after
exposure

2 , 4--D ester

oral ingestion
(5 mg/kg) for the
study of absorptioo and excretion
of 2, 4--D in human
volunteers

blood and urine
analyses

Clinical and/or
Subclinical Effects
signs of disturbed
peripheral ne~ and
muscle function,
although blood Che
activity sh<:Med no
difference between rren
with normal and
abnormal EM3 records

Reference
Drenth et al.,
1972

Feldmann and
Maibam, 19 70

Kohli et al. ,
none of the swjects
corrplained of any ill
1974
effects following
ingestion of 5 mg/kg
2 , 4--D nor was any change
noted in various
clinical or laboratory
pararreters monitored
during the period of
observation

..,......

Table 2.

Continued

Clinical and/or
Subclinical Effects

Pesticide

Exposure

Type of Test

2,4- D ester

oonstant exposure
of sprayer
operators to spray
drift

urinary excretion
analysis

2,4-D

human volunteers
ing=sted a single
dose of 5 rrg/kg

blood and urire
analyses and
phranaookinetic
profile of 2,4-D

2 , 4-D and
dicarrba

poisoning patient

residte analyses
acute phase of
of blood, urine and intoxication
gastric lavage.
Also phamaookinetic
study of the
elimination of the
two herl:licid=s

Young and
Haley, 1977

2,4- D and
dicarrba

poisoning patient

blood and urine
residlEs analyses
and simultaneous
phamacckinetic
study of 2, 4-D
and dicarrba
elimination

Young and
Hal ey, 1979

Reference
Smith and
Hayd=n, 19 79

no d=tectable
clin:lcal effects

acute phase of
intoxication

SatertJ.off et
al., 1976

,...
Ul

Table 2.

Continued
Clinical and/or
Subclinical Effects

Pesticide

Exposure

Typ e of Test

oar

rren occupationally
exposed to oor

blood biochemistry, no ooleterious effect
on adrenal functions
fat and urine
analyses

Clifford and
Weil, 1972

Reference

DIJ.r

rren occupationally
e:xposed to DIJ.r

blood chemistry
no illness dt.e to oor
and urine analysis. e:xposure
Fat samples from
the stbcutaneous
fat of the buttock
were also analyzed

Laws et al.,
1967

Naled, captan,
and dicofol

agricultural female
Xylene or saturated contact sensitization
workers e:xposed to
solution of
t.ype oonnatitis
a spray mixture of
potassium bromioo
an insecticioo,
24-hour patch testing
fungicioo and acaricide

Edmundson and
Davis, 1967

Organophosphorus
cx:mpounds

pilots exposure to
toxic Chemicals

blood and tisst.e
ana lyres

cholinesterase
oopression and se""'ral
unootermined factors
that have led to fatal
crashes of aerial
applicators

l€ich and
William, 196 B

Parathion

an outbreak of
parathion poisoning
arrong orchard
workers

blood choli11esterase levels assay

clinical illness (nausea, Milby et al. ,
vomiting , headache, weak- 1964
ness, blurred vision,
etc.) as well as
oopression of blood
colinesterase levels

---------------------------------------------------------------------------------------------~
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Symptoms and Signs Associated with the Exposure of
Mammals to 2,4-D and Pronamide Herbicides
The majority of the previous studies on exposure to
2,4-D have been experimental applications to animals and
humans for measuring acute, subacute and chronic exposure
effects (Mitchell et al., 1946; Bjorn and Northen, 1948;
Drill and Hiratzka, 1933; Rowe and Hyman, 1954;
et al., 1971).

Bonderma~

Studies were also done on acute poisoning

cases in which the victim intentionally ingested a
formulated product such as a mixture of 2,4 - D and dicamba
(Rivers et al., 1970) to attempt suicide (see Table 2) or
where 2,4-D was intentionally given as a therapeutic agent
for disseminated coccidioidomycosis, histoplasmosis, or
cryptococcosis in man or dog (Seabury, 1963).

It appeared

remotely possible that the plant hormones might alter the
course of these fungus infections.

Seabury {1963)

found a

single intravenous dose of 2,000 mg of sodium salt of
2,4-D did not produce clinical evidence of toxicity in a
patient, whereas 3,600 mg was definitely toxic.

Most

studies indicate that acute oral exposure or the injection
of large doses (100 mg/ kg of body weight) in animals
produced a definite myotonia accompanied by anorexia and
weight loss.
fibrillation.

Large doses may also cause ventricular
Other toxicological signs were also

observed including stiffness of the extremities, ataxia,
lethargy, and paralysis.

Coma may follm.; the parenteral
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administration of 2,4-D in experimental animals. However,
Goldstein et al.

(1959) pointed out that neurological

damage followed percutaneous absorption of spilled 2,4-D
during preparation of the herbicide spray in three
different cases.
Poland et al.

(1971) surveyed the health of workers

in a 2,4 - D and 2,4,5-T plant and stated that chloracne was
found in 18 percent of the workers.

Severity of chloracne

wa s found to be correlated significantly with the
pre sence of hyperpigmenta tion, hirsutism, eye irrigation ,
and a high score on the manic scale of the Minnesota
Multiphasic Personality Inventory.
Recent work on occupational exposure of two
intoxicated men with aminopiel i k D herbicide was described
by Kolny and Kita (1978).

-~inopielik

percent 2 , 4- D and 2.8 percent dicamba .

D contains 36
Clinical observa-

tion in both cases slowed general weakne ss, dizziness,
headache , abdominal pains and nausea .
Hardell (1979)

On the other hand ,

reported on the appearance of malignant

lymphomas of the histiocytic t ype in 17 men occupationall y
exposed to phenoxyacetic acids (MCPA , 2,4,5-T or 2,4 - D)
or chloropheno l s for various lengths of time.
latent period was 1 5 years .

The median

Tumors we re located on the

neck , bladder , ileum, femur , groin/pelvic, mandible or
parotid regions .

In this pilot study 14 of the 17

patients ' occupations we re consistent with phenoxyacetic
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acid exposure, including farming or forestry, sawmill
work, painting, and building trades.
There appears to be no information available on human
occupational exposure to the herbicide pronamide, though
some toxicological properties of pronamide to wildlife,
fish and laboratory mammals have been summarized (WSSA,
19 74).
Metabolism of Herbicides
Biotransformation in Man and Animals
The nature of any metabolic products of compounds to
which man and other animal species are exposed in the
environment, whether the contamination is intentional or
not, depends on the species concerned and the chemical
structure of herbicides.

For instance, aliphatic acids

such as trimethylacetic (pivalic) and tertiary butylacetic
acids were found to be excreted in rats and rabbits
(Dziewiatkowski and Lewis, 1945) mainly as labile
conjugated glucuronides following either oral or subcutaneous administration. Tertiary butylacetic acid was
excreted in urine faster (within 24 hours)

than the

trimethylacetic ( 48 to 72 hours) although the two acids
differ only by one methylene group (- CH 2 - l in the length
of the chain .

Similarly, the two homologous acids,

benzoic and phenylacetic, differ in their behavior even
in the same species of laboratory animals.

Tulane and
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Lewis (1933)

indicated that the excretion of an extra

hippuric acid after oral administration of benzoic acid
to rabbits with or without glycine was noted within 24
hours, while under similar conditions the excretion of
an extra phenaceturic acid was frequently prolonged for a
period of seven days following administration of phenylacetic acid.

However , benzoic acid and phenylacetate

were found to be conjugated with glycine in the dog, cat,
and rabbit (Tulane and Lewis, 1933; Levey and Lewis, 1947),
but no evidence of 2,4-D conjugation with glycine nor
with glucuronic acid was noted.

Phenylacetic acid was

eliminated mainly as the glutamine conjugate by man and
higher primates, the glycine conjugate by most rodent
species, the ornithine diconjugate by the hen, and the
taurine conjugate by the pigeon and fish

(James and Bend,

19 76) .
2,4-D metabolism has been studied in several
mammalian and marine species.

In man (Kohli et al . , 1974;

Sauerhoff et al . , 1976; Young and Haley, 1977), in sheep
(Clark et al., 1964), and in rats

(Khanna and Fang , 1966),

2 , 4-D was eliminated rapidly in urine without being
significantly metabolized.
was dosage dependent.

The rate of 2,4-D excretion

In six male human volunteers

(Kohli et al., 1974) who had ingested a single dose
(5 mg/kg) of 2,4-D in gelatin capsules, significant
amounts of residues were detected in their plasma one hour
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after administration.

The peak concentration was reached

in seven to 24 hours but then declined steadily

More

than 75 percent of the 2,4-D dose was excreted unchanged
in the urine in 96 hours .

Change in the pattern of 2,4-D

urinary excretion of this dosage was not i ceable , less
residues being excreted in the first 24 hours than in 48
to 72 hours after administration, i . e., prolonged period
of urinary excretion of 2,4-D residues after administration of a high dosage.

The elimination of 2,4 - D from

plasma in five male human volunteers (Sauerhoff et al. ,
1976) who had ingested 5 mg/kg, occurred at an apparent
first-order rate with an average half - life
hours .

(t~)

of 11 . 7

2,4-D (82.3 percent) was the major urinary product

with some conjugates (12.8 percent).

2,4-D was most

likely conjugated 1vith glycine (Young and Haley, 1977).
Clark et al .

(1964) pointed out that approximately

96 percent of an orally administered dose (106.3 mg) of
14

c - labelled 2 , 4-D to a sheep was excreted unchanged in

the urine in 72 hours with 1 .4 percent in the feces .
Oral doses of 1 to 10 mg of 2,4-D to rats
Fang, 1966)

(Khanna and

led to 93 - 96 percent of the herbicide being

excreted unchanged.

2 , 4-D was almost en t irely excreted

in the urine with very little appearing in the feces in
the first 24 hours.

Only 1 -3 percent was excreted in

the next 24 hours, i . e., 48 hours after dosing.

In rats

fed higher doses (20-100 mg) of 2,4-D, there was a linear
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decrease in the recovery of residues from urine and feces
with increased dosages.

The peak concentration in most

tissues occurred at six to eight hours following a dose of
1 mg, but reached the peak at about 17 hours at a 100 mg
dosage.

Investigation of the intracellular distribution

of 2,4-D in six organs revealed that the soluble fraction
of the cell contained the major portion of radioactivity,
followed by the nuclear, mitochondrial, and microsomal
fractions.
The metabolic fate of the phenoxyacetate moiety of
higher side-chain and some monochlorphenoxyacetic acids
was also investigated in several mammalian species.
and Lewis (1947)

Levey

reported that when phenoxyacetylglycine

(phenoxyaceturic acid) was administered orally or
subcutaneously to rabbits in amounts equivalent to 100 mg
of phenoxyacetic acid/mg of body weight, significant
hydrolysis occurred as evidenced by the excretion of
phenoxyacetic acid in the urine.

2,4-D excretion was

greater in the 18 hour samples (96 percent)
six hour (60 percent).

than in the

Levey and Lewis (1947, p. 219)

"that this hydrolysis was not due to the activity of the
intestinal microflora was shown by the observation that
in four experiments with subcutaneous injection hydrolysis
was observed in three of four urines collected after six
hours and in all four of the 18 hour specimens."

When

phenoxyacetic and o- or 2-monochlorophenoxyacetic acids
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were fed to rabbits, they were excreted in the urine.
No evidence of conjugation with either glycine
(phenoxyaceturic acids) or glucuronic acid was obtained.
Excretion of E-monochlorophenoxyacetic acid in the first
six hours was slower (13 to 15 percent of the administered
dose)

than £-monochlorphenoxyacetic acid (50 to 72

percent).
Beta-oxidation had occurred after y-phenoxybutyric
acid or s -phenoxycaproic acid was fed to rabbits, as
evidenced by the excretion of phenoxyacetic acid in the
experimental urines (Levey and Lewis, 1947).

The

S-oxidation of 4-(2,4-DB) to yield 2,4-D in the urine of
4-(2,4-DB)-fed steers (Lisk et al., 1963) and in guinea
pigs (van Peteghem and Heyndrickx, 1975) was not surprising
since S-oxidation products of ingested acids were observed
in human urine (Karrer, 1950), plants and soil (Gutenmann
and Lisk, 1963).
The fate of 14 c-labeled 2,4-D and phenylacetic acid
in fish was studied by ,Tames and Bend (1976).

The results

indicated that at least 50 percent of a dose (30 to 50
mg/kg) of 2,4-D-1-

14

~ or pheny1-1- 14 c-acetic acid was

excreted in urine in 48 hours following injection in the
dogfish shark or flounder.

For both compounds, more than

90 percent of the urinary radioactivity was present as a
single metabolite-taurine conjugate.

Exposure of blue-

gills to 2 mg/L of 14 c-DMA salt of 2,4-D (Stalling and
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Huckins, 1978) for 12 weeks revealed that

14

c was

incorporated into free fatty acids, triglycerides,
glycogen and protein materials which accounted for 85
percent of radioactivity in the samples.
Metabolic studies of Banvel T (Fisher et al., 1965),
the DMA salt of dicamba (Malina, 1973) in lactating cows
and oral ingestion or subcutaneous
14

injection of

f-labelled dicamba in rats (Tye and Engel, 1967) were

reported.

No evidence of dicamba or tricamba residue was

detected in the milk of treated cattle.

Tricamba or

dicamba was mostly eliminated intact in the urine of cows
and rats.

A small portion of glucuronide conjugates was

also discovered.

Following subcutaneous injection of

dicamba in rats, a small amount of

14

c-dicamba residue was

detected in feces.
Very limited information has appeared on pronamide
metabolism in animals.

However, Yih and Swithenbank

(197lb) reported that oral ingestion of

14
f-pronamide by

the rat and cow led to the detection of half the radioactivity in rat feces and less than one percent in rat
urine as unchanged pronamide.
unchanged pronamide.

Cow urine contained no

The major metabolite in rat feces

was tentatively identified as 2-(3,5-dichlorophenyl)-4,
4-dimethyl-5-hydroxymethyloxazoline (III) and the major
degradation products found in rat and cow urines includes
a -(3,5-dichlorobenzamido) isobutyric acid (VIII),
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S-(3,5-dichlorobenzarnido)-a-hydroxy-S-methylbutyric acid
(XII), and several unidentified products (Table 3, and
Figure 1).
Metabolism of pronarnide in the rat and cow (Yih and
Swithenbank, 197lb) led to the type of metabolic products
similar to those reported in Table 4 for plants and soil
(Yih and Swithenbank, 197la; Fisher, 1974).
Degradation in Plants
A considerable body of information on the degradation
of phenoxyherbicides has been reported.

Plant tissues are

able to rretabolize the side-chain of higher wphenoxyalkonoic acids by S-oxidation (Wain, 1955) or
ring hydroxylation of 2,4-D to produce 4-hydroxy-2,
5-dichlorophenoxyacetic acid, 4-hydroxy-2,
3-dichlorophenoxyacetic acid, 5-hydroxy-2,
4-dichlorophenoxyacetic acid, free 2 , 4-D and several
unidentified metabolites (Thomas et al., 1964; Chkanikov
et al., 1977; Feung et al., 1978).

Conjugation of the

carboxyl group of 2,4 - D with various amino acids
(Figure 2) or with sugar as glycosides occurred (Mumma
and Hamilton, 1976).

Phenoxy acids were also found to

conjugate with pectin of the orange peel (Hendrickson
and Meagher, 1969).
The kind and amount of each conjugate were not
only species-specific, but also varied with the plant's
maturity (Nazarova et al., 1978).

This is particularly
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Tab le 3.

Type and percentage of pronamide metabolites
found in rat and cow urine and r.at feces (after
Yih and Swithenbank, 197lb)

Metabolite
Numbera
St ruct ureb
Compound A

0

Rat Feces
53 . 7

CH,

II H I

Percentage
Ra t Ur~Cow Urine
0 .6

R-c-N-c---C=CH

I

CH,

0-C=CH,

I

R-c'~

0.9

N-C-CH,

I

CHl
0

CH,

II H I

II

R-c-N-c-COCH,

I

1.5

CH,
H
0-CIll

R-c'~

CH .OH

1

·

15 . 0

5.9

4.7

3.6

N-C-CH,

I

CH,
CH,

0

IV

II H I

R-c- N-c-COCH,OH

I

CH,

CH,

0

v

II H I

R-c-N-C-CH,CH ,OH

1.2

I

CH,

CH,

0

II H I

VI

R-C-N-c-cH OHCH,OH

I

2.2

3. 1

1.9

2.4

3.3

1.8

22.4

4. 4

CH,

CH,

0

II

VII

H

I
I

R-C- N-C-CH.COOH

.

CH,

VIII

0
CH,
II H I
R-c- N-c- COOH

I

CH,
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Table 3 (Continued)
Metabolite
b
Number
St r ucture
0

Rat Feces

Percentage
Rat Urine

Cow Urine

CH,

II H I

IX

R-C-N--C-COCOOH

I

CH,

0

II

X

R--C-R,

XI

R-c-Rz

0

II

H

I

R-<:- N--C--CHOHCOOH

Xll

24 . 1

CH,

0

II

1. 1

I

19 . 2

7 1. 4

2.0

19 . 2

CH,

0

II

R--C-R,

Xlll

0

II

XIV

R--C-R,

16 . 7

aCompound A is the parent compound pronamide , and
numbers from I to XIV are various metabo l ites of the herbicide pronamide .
tl

b

R=~
~

Howeve r , it
,· R l' R 2 , R3 an d R 4 a r e un k nowns.
has been shown chemically t h a t metabo l ite IX was readily de composed to give metabolite VIII; and metabolites XI, XI II
and XIV we r e derivatives of 3,5 - dichlorobenzo i c acid .
tl
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Proposed metabolic pathways of pronamide
(compound A) in soil, alfalfa, rat and
cow urine and rat feces (Yih and Swithenbank,
197lb)
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Table 4.

Comparison of the metabolism of pronamide
(compound A) in soil, plants and mammals
(adapted from Yih and Swithenbank, 1971b;
and Fisher, 1974)

Metabolite
Number a
Compound A

Soil

Metabolites
Alfalfa Rat Feces Rat Urine Cow Urine

+

+

+

I
II

+

+

+

+

+

+

III

+

+

+

+

IV

+

+

+

+

v

+

+

+

VI
VII

+
+

+
+

+
+

+
+

+

VIII

+

+

+

+

+

IX

+

+
+

+

X
XI

+

+

XII

+

+

XIII

+

+

XIV

+

astructures of metabolites are given in Table 3.
bMetabolites,

(+)=present;

(-)=absent.
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significant in the case of 2,4-D-glutamate since it can be
converted by plant tissue to 2,4-D-aspartate in higher
concentrations than free 2,4-D acid (Mumma and Hamilton,
19 76) .
Broadhurst et al.
14

(1966) studied the metabolism of

c-dicamba in wheat and bluegrass plants (Figure 3) .

A

major metabolite was identified as 5-hydroxy-dicamba (90
percent) and two minor products each constituting 5
percent of the metabo l ic products that were identified
as unchanged dicamba and 3,6-dichlorosalicylic acid.

The

same kind of metabolites in sorghum plants have been
reported by Yu et al .

(1975), but unchanged dicamba

constituted the major component.

Dicamba metabolism was

also investigated by Krumzdrov (1974) in corn
plants.

Dicamba degradation products were detected in

corn plants 2-4 years after treatment.

These included

3,6-dichlorosalicylic acid, £-amino benzoic acid, and
benzoic acid .
Yih and Swithenbank (l97la) published their work on
the metabolism of pronamide in soil and alfalfa as is
indicated in Table 4 and Figure 1.

The metabolic

products were similar to those reported in animals,
although the rate of metabolism in alfalfa foliage was
slower than that in soil.
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bluegrass p lants (Broadhurst et al. , 1966)
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Microbial and Soil Degradation
The metabolism of 2,4-D in cultured fungi was
investigated by Faulkner and Woodcock (1964).

The results

indicated that the fungus Aspergillus niger proved not
only capable of hydroxylation of the 2,4-D ring, but also
of hydroxyl-chlorine replacement and chlorine shift.
A. niger produced a major metabolite from 2,4-D identified
as 5-0H-2,4-D and a minor metabolite as 4-0H-2,5-D.
Moreover, the fungus was capable of producing 4-0H-2, 5-D
from 2,5-dichlorophenoxyacetic acid.

Smith and Phillips

(1976), however, found the fungus phytophthora
megasperma incapable of degrading 2,4-D.
Ou et al.

(1978) studied the degradation of

technical grade and formulated 2,4-D in soils by measuring
14

co 2 evolution from the oxidation of uniformly ring-

labelled carbon.

The degradation rate was generally

higher for the formulated 2,4-D than for the technical
grade .
Consistent with

14

co 2 evolution, Smith, using

carboxyl-labelled (1973a) and

14

14

c-

~-ring-labelled dicamba

(1974), reported that the herbicide was transformed in
moist soils into
14

14

c-carbon dioxide.

~-3,6-dichlorosalicylic acid and
The latter was obtained from both

the ring and carboxyl carbon atoms of dicamba.

Both

2,4-D and dicamba were detoxified at pH 6 .5 and not at
7.5 (Corbin and Upchurch, 1967) suggesting that some
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mechanism in pH 7.5 soils inhibited the adaptation and/or
growth of microorganisms (mostly fungi)

that are usually

capable of detoxifying these herbicides in high organic
soils.
The metabolism of the herbicide pronamide in soils
was out li ned by Yih and Swithenbank (197la) and Fisher
(1974).

The metabolic products are shown in Table 4 and

Figure 1.

In all the systems studied, extensive

cyclization of pronamide occurred to give 2-(3,
5-dichlorophenyl) -4, 4-dimethyl - 5 - methyleneoxazoline (I)
followed by subsequent hydrolysis to form

~-(1 ,

1-dimethylacetonyl)-3, 5 - dichlorobenzamide (II).

Several

additional metabolites have also been identified in these
systems, resulting from metabolism of the two terminal
side-chain carbon atoms.

Fisher (1974) noted the

.
1
14 co d ur~ng
.
metabolic transformaconcom~tant re ease of
2
14
14
tion of [carbonyl- c]-pronamide and [carbonyl- c]- and
3,5-[ringsoils.

14

c] - dichlorobenzoic acid in nonsterilized

The rapid rate of

14

co 2 release from these

compounds in nonsterilized soils was explained as being
biologically mediated .
The persistence of 2,4-D, dicamba, and pronamide
herbicides was found to be markedly influenced by soil
pH, organic matter content, temperature, moisture level
(Aly and Faust , 1964; Corbin and Upchurch, 1967; Walker ,
1970; Grover and Smith, 1974; Norris and Montgomery,
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1975; Smith and Cullimore, 1975), concentration of the
applied herbicide (Ou et al., 1978), and ultraviolet
light (Aly and Faust, 1964; Baur et al., 1973; Baur and
Bovey, 1974).
Summary
The potential hazards of 2,4-D and pronamide to
public health and quality of the environment have been the
subject of concern by various groups.

Human exposure to

these compounds on a chronic basis could pose a health
risk.

The EPA has identified pesticide applicators,

users, and persons ingesting treated food products as
the key population at risk.
Skin is an important portal of entry for pesticides,
although marked regional variation in penetration of
compounds in man has been documented. The potentia l
dermal exposure to pesticides in spray operations is more
dangerous than the potential respiratory exposure.

Dermal

contamination is usually measured by attaching absorbent
pads for spray exposure, or layered gauze pads for dust
exposure, to various parts of the body or clothing of
workers and allowing them to become contaminated during a
timed interval of work.
Respiratory exposure is estimated from contamination
of filter pads held in special single or double-unit
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respirators or from air concentration values determined
by air sampling devices.
Indirect quantitation of residues is usually based
on physiological samples (body tissue and/or excreta) or
the measurement of some pharmacologic effects of the
toxicant(s) on the exposed individual.
The biotransformation of these compounds has been
investig.a ted in man and laboratory animals.

The

elimination process of the metabolic products is found
to be not only dose-dependent, but also species-specific.
Low dosages of 2,4-D and/or dicamba in man or laboratory
animals are known to be excreted rapidly in urine without
being significantly metabolized, while under similar
conditions, the excretion of high doses, even in the same
species, is frequently prolonged for a period of several
days following administration.

However, elimination of

pronamide in urine and/or feces and the type of
metabolite(s) are more likely to be species-specific.
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STATEMENT OF THE PROBLEM
Research Objectives
The use of an animal species which is heavily relied
upon to predict human percutaneous absorption, such as
rabbit, guinea pig, and rat, is specified in the Federal
Hazardous Substances Act regulations (Code of Federal
Regulations, 1979).

The adult albino rabbit has been the

preferred species for reasons such as size, ease of
handling and restraint, and because its skin is the most
permeable of all species studied.

The skin of swine and

guinea pigs has permeability characteristics more like
t h ose of humans (National Academy of Sciences, 1977).
Comparative dermal penetration of pesticides has be e n
studied in vitro (O'Brien and Dannelley, 1965) and in vivo
(Weil et al., 1971) in rats and rabbits, but no information on 2,4-D or pronamide appeared.
Hence, the present work was carried out to establish
dermal dose-excretion relationships of 2,4-D and pronamide
in urine of guinea pigs as the selected mammalian species
for this dermal absorption study; to measure urinary
excretion of 2,4-D, pronamide and their metabolites in
men exposed to these herbicides during a regular work
routine; and to determine if there is any relationship
between dose estimated by means of absorbent pads,
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handwashings, and air samplings to urinary excretion in
man.
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METHODS
Quantitative Measures During Exposure
of Applicators
Chemicals
All solvents (hexane, benzene, acetone, methanol,
and absolute ethan·ol) utilized throughout this work were
pesticide grade reagents.

Commercial 2,4-

dichlorophenoxyacetic acid, 90 percent purity (Aldrich
Chemical Co., Milwaukee, Wisconsin) was recrystallized
twice from benzene and used as an analytical standard.
A reference standard of dicamba (2-methoxy-3, 5dichlorobenzoic acid, 100 percent purity) was provided
by

u.s.

EPA, Research Triangle Park, N.C.; and 3,5-

dichlorobenzoic acid, 99 percent purity (Aldrich Chemical
Co., Milwaukee, Wisconsin) was used as an authentic
standard for the hydrolyzed pronamide and/or its
metabolites.
Formulated products of 2,4-D amine (Amchem Products,
Ambler, Pa.)

and dicamba (Velsical Chemical Corp., Chicago,

Ill.) were obtained from the Cache County Weed Department
in Logan, Utah.

The liquid formulation component of each

product was labelled by the factor as indicated below:
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2,4-D DMA salt
active ingredients 49.3 percent
inert ingredients

50.7 percent

the formulation contains 41 percent 2,4-D by
weight or 4 pounds/gallon
Banvel DMA salt
active ingredients 49.0 percent
DMA salts of related acid, 7.9 percent
inert ingredients, 43.1 percent
the formulation contains 40.6 percent
3,6-dichloro-0-anisic acid (dicarnba) by
weight, or 4 pounds /ga llon
Technical grade pronamide wa s taken from a standard
3 pound 50 -W market package (Rohm and Haas Co.,
Philadelphia, Pennsylvania) during the spraymen exposure
study.
Arnberlite@ XAD-4 (20/50 mesh) resin was provided by
Rohm and Haas Co., cleaned up in the laboratory before
use by hand shaking and filtration process with the
following solvents consecutively:

30 percent 0.5 KOH

solution in absolute ethanol, benzene-hexane (80:20),
acetone, and distilled water.

Florisil (60/100 mesh) was

purchased from Floridin Co., Berkeley Spring, \vest
Virginia and was prewashed with ethanol and oven-dried
at ll0 °C before use.
Concentrated hydrochloric acid (HCl) was used in the
h¥drolysis process throughout the analytical p rocedures.
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Equipment and Material
The study on exposure of spraymen to 2,4-D and
dicamba amine mixture was done with Cache County weed
control personnel in Logan, Utah.

Spraying was

accomplished by a permanently-mounted spray-tank of 200
gallon capacity and a pump conveniently located in the
body of the truck.

The solution of the mixture was

distributed to all parts by a permanent network of pipes
and nozzles.

A 50 foot rig spraye r

(30 to 40 psi) was

mounted in the rear of the vehicle 80 em from the
ground and a hand gun (50 to 60 psi) connected to the
tank by rubber hose were used in the spraying trials.
The Cache County Weed Control Department made a
mixture of 2,4-D and dicamba

D~~

salts (2.5:1, v/v)

for

the control of broadleaf plants of various annual and
perennial weeds in fields at a spraying rate of 30
gallons/acre.
Two men were involved in each spraying operation.
the truck driver and the spray operator.

These workers

usually alternate positions each spraying date, but are
jointly responsible for mixing herbicides, tank filling,
and supervision of the spray.

When studied they were

wearing their daily work clothes such as short-sleeved,
open-neck shirts, long trousers, socks and shoes.

The

procedure and purposes were explained to each of the
persons involved in this study and both signed an informed
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consent agreement.

The workers began their usual daily

work at 8:30 a.m. by mixing DMA salts of 2,4-D and dicamba.
The mixture was then diluted with water up to the mark of
the sprayer-tank.

The field spray covered eight acres,

dense mostly with goatsrue and Canada thistle.
Pronamide (KerbQY 50-W) spraying was

wi~~

a boom-type

field sprayer, of 20 foot width (30 psi) and 140 gallon
capacity on alfalfa farms.

Two spraymen were involved in

mixing, tank filling (3 pounds/20 gallons water per
acre), and supervision of the spraying trials.

The

spraymen were fully clothed with heads covered because
the temperature was low and it was rather windy in most
cases.

Gloves were put on after mixing and tank filling

in each spraying operation.

Collection of air and dermal

samples was performed during one complete cycle of work.
The climatic factors during exposure in each trial were
recorded as indicated in the Results section of this
dissertation.
Direct Air Sampling
The vapors and droplets drifting from the spray of
these compounds were entrapped by a sample-collector
that consisted of a polyvinyl chloride (PVC) vial
(5.5 x 3.4 em o . d.) open at the bottom (2 em i.d. hole)
which contained 1 g solid adsorbent that held in place
between two glass wool wads and wire mesh screens.

The
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s~~ple-collector

was designed in the laboratory to fit

nicely in the orifice of the vacuum sampler and be held
in place by the inlet extension tube.
auto hand vacuum cleane r

The sampler was an

(Bon-Air Industries #BA-707)

with a flow rate of 1.42 m3 /minute, i.e., equivalent to
50 feet 3/minute according to t he factory leaflet.

When

the sample-collector was inserted while monitoring air
residues, change in the air flow rate was noticeable.
Using an air flow meter under laboratory conditions, the
flow rate through the sample-collector was measured to be
20 liters/minute.
(60/100 mesh)

Pre-extracted solid adsorbents, florisil

and Amberlite® XAD-4

(20/50 mesh)

resin

that were oven-dried and activated at ll0°C and 45°C,
respectively, were used as the trapping media.
Under field conditions , the vapors and droplets of
DMA salts mixture of 2,4-D and dicamba were sampled during
the spraying process in the truck cab and in the vicinity
of the spray operator.

In the pronamide study, air

sampling was done on the edge of sprayed fields, because
of space limitation near the driver and the spray operator.
At the end of each collection (10 minute s per collection)
the resin holder was removed from the vacuum orifice and
another one inserted.

The sample-collectors were kept in

a plastic box , transferred to the laboratory, wrapped
with aluminum foil, and stored in the freezer until
analyzed.
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Indirect Air Sampling
Vapors and droplets from mixing and loading th e
sprayer-tank as well as that from spraying operations were
measured by using activated (80°C) micropore masks
(Medical Product Division 3M Co., St. Paul, Minnesota).
The masks were worn from the time of mixing and tank
filling until completion of one complete cycle of work.
Human Dermal Exposure to Herbicides
Estimates of dermal exposure of spraymen to pesticides were obtained both by exposing pre-extracted
absorbent pads (10 x 10 em) and arm bands (28 x 10 em)
made from Whatman #l filter paper, and by hand rinsings
with ethanol.

Each individual worker had pairs of filter

papers pinned to his c lothing, the underneath paper was
used to p revent contamination from the clothing and was
subsequently discarded.

These patches of filter pads and

bands were positioned as follows:

on the forearms

(be tween the wrists and elbow), on both shoulders, on the
"V" of chest, and on the back of the neck.

These patches

were worn by the workers from the time of mixing and
loading the herbicide solution to the end of one complete
spraying cycle.

At the end of the spraying cycle, the

patches were removed and both hands were rinsed
simultaneously over a shallow metal pan with about 150
ml of .95 percent ethanol.

The ethanol hand rinsings
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were

transformed

immediately to glass bottles and

capped, while the patches and masks were individually
placed between pairs of 15 x 15 em clean filter papers,
and the package wrapped with aluminum foil.

This

"sandwich" was then transferred to the laboratory and
stored in the freezer until analyzed.
Urine Samp l.img
In order to indirectly determine the extent of
absorption of the herbicides that came in contact with
unprotected skin areas of the workers, urine specimens
were obtained from all workers.

Each individual involved

voided urine immediately prior to the exposure done in
this study as a base-line.

The urine samples for 24

hours after exposure were measured for volume and then
samples kept in the freezer for future analysis.
Animals and Treatments
Animals
Male, English smooth-haired guinea pigs (Hilltop
Lab Animals, Scottdale, Pennsylvania) weighing 340 to 380
grams were used throughout this study.
Reagents and Doses
The compounds tested in animal dermal absorption
study were a 2.5:1 (v/v) mixture of DMA salts of 2,4-D
and dicamba, respectively, and a technical grade
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pronamide.

The herbicides were diluted with water and

concentration levels of 0, 21, 42 and 84 mg a.i . of
the amine mixture per milliliter and 0, 12.5, 25, and 50
mg a.i. of technical pronamide per milliliter were
prepared.
In order to give different dosage levels of the
selected compounds to guinea pigs, the concentrations
of the aqueous solutions were usuallx varied and the
vollli~e

given held constant.

To give the desired dosages

in milligrams a .i . per animal body, 0 . 4 ml of each
concentration was applied at a time.
Experimental Methods
Twenty healthy young adult male guinea pigs we r e
selected and preconditioned in a room containing rodents
in a separate building of the laboratory for a week prior
to use at a temperature of 27°C (80°F) with a 12-hour
light period.

The animals were individually housed in

stainless steel metabolism cages equipped with funnels
designed for the separate collection of urine and feces.
They were fed Wayne guinea pig diet (Allied Mills,
Chicago , Illinois) and watered ad libitum.
The hair was removed from the back and flank
regions with an electric veterinary hair clipper within 24
hours p rior to the test.

Extreme caution was used to

prevent abrading or nicking the skin.

The shaved skin
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areas were swabbed with 95 percent ethanol-impregnated
gauze swabs just after shaving.

The animals were then

returned to their cages and divided randomly into four
groups.

There were five guinea pigs per group and the

dose levels tested in 0.4 ml were 0, 8.4, 16.8, and
33.6 mg a.i. of the amine mixture; and 0, 5, 10 and 20
mg a.i. of the applied pronamide per body.

The aqueous

solution of each concentration was applied topically with
a disposable syringe on the previously shaved and alcoholswabbed skin patches.

The solution of the pesticide was

allowed to spread over 24-32 cm 2 of the shaved skin.

The

topically treated skin patches were left uncovered in all
animals during this study.

After 24 and 48 hours,

unabsorbed residues left on the treated skin spots in
each animal were recovered by swabbing in order to
extrapolate the absorbed amount in each dose.
Urine samples were collected from the individual
metabolism cages into glass receivers at intervals of 0,
5, 10, 24, 48 and 72 hours post-dermal application. The
24-hour specimens prior to treatments were used as a
baseline or the zero-time period following dermal
exposure.
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Analytical Procedures
Apparatus and Reagents
High pressure liquid chromatography (HPLC) .
Analytical determination of 2,4-dichlorophenoxyacetic
acid (2,4-D) and 3,5-dichlorobenzoic acid (from pronamide
hydrolysis) was performed by a Varian 5020 HPLC.
Chromatographic separations were made on a 30 em x 4 mm
i.d. Vydac reversed phase

c18

hydrocarbon column (Varian)

with a guard column containing the same packing.

This

HPLC unit was equipped with autosampler and employed a
Tracor 970A UV/VIS detector and l mV full scale recorder.
The acids were detected by absorbence at 285 nm and
quantiation was by peak height comparisons to authentic
standards.
Operating co n ditions .

The mobile phase was an

isocratic eluting solvent consisting of acetonitrile-water
of pH 3.0

(35:65); solvent flow was 2 ml/minute.

Sample

injections were 10 )l l in methanol for all analyses;
temperature was awbient.

The column was flushed with a

one minute pulse (2 ml/minute) of acetonitrile after 10
minutes elution of each sample to remove especially slow
running urine constituents.
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Assay of 2,4-D and Dicamba in
Amine Liquid Formulations
Nonhydrolysis measures.

A series of dilutions with

methanol was made from 2 and SO mg samples each of
2,4-D and dicamba DMA salts for the direct determination
of the active ingredients of these compounds by HPLC.
Hydrolysis measures .

A series of aqueous dilutions

was made from 2 and SO mg samples each of 2,4-D and
dicamba

m1A salts in order to evaluate the procedural

efficiency through a hydrolysis process in relation to
nonhydrolyzed samples.

One ml of low concentration of

the aqueous solutions was added to 9 ml of water and
acidified with 2 ml of concentrated HCl in a SO ml glassstoppered centrifuge tube.

Five ml benzene were

transferred to the mixture, mixed on a Vortex mixer for
one minute and then centrifuged at a high speed (2S-30
rpm) for 10 minutes to effect phase separation.

The

benzene (top) layer was transferred into a 20-ml v i al
with a disposable pipet, and the aqueous phase was
re-extracted with an additional S ml portion of benzene.
The benzene extracts were combined in the vial and
evaporated to complete dryness in a water bath at S0°C
with a gentle stream of dry nitrogen .

The residue was

dissolved in l ml methanol for HPLC analysis .

so
Determination of the Hydrolysis
Time for Technical Grade
Pronamide
Technical grade pronamide (KerbQY 50-W) was obtained
as a wettable powder (Rohm and Haas Co., Philadelphia,
Pennsylvania) used in the spray during exposure study of
applicators .

Twelve samples of the powder, 10 mg each,

were placed in a 25-ml evaporative concentrator tube.

The

pronamide sample was dissolved in 5 ml water and acidified
with 6 ml concentrated HCl for digesting pronamide amide
bond to release 3,5-DBA as an indirect measure of exposure
to this herbicide.

The hydrolysis was made in a boiling

water bath at intervals from 1-1 2 hours under reflux,
using Snyder columns.

After each interval period, the

hydrolyzed sample was removed from the bath, cooled,
and transferred directly into a 50 - ml glass-stoppered
centrifuge tube.

The s ides and tip of the Snyder column

were rinsed with 5 ml benzene over the evaporative
concentrator tube and the rinsings added to the centrifuge
tube, mixed on a Vortex mixer for one minute, and then
centrifuged at a high speed (25-30 rpm)
separation of the layers.

to effect a clear

The benzene (top)

layer was

aspirated off with a disposable pipet, transferred into
a 20 - ml vial, and the aqueous phase re-extracted with an
additional 5 ml portion of benzene .

The organic laye rs

were combined in the v i al and evaporated to just dryness
in a water bath at 50°C with a gentle stream of dry
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nitrogen.

The residue was dissolved in 1 ml methanol ,

and a seri es of dilutions with methanol were made from
this sample for HPLC analysis.
Ur in ary Pesticide Residue Analysis
Determination of analytical efficiency.

From

standard stock s olutions of 2,4-D and dicarnba acids
prepared in methanol , known amounts were added to 10 ml
control human and animal urine specimens in 25-ml
evaporative concentrator tubes.

The fortified urine

samples were acidified dropwise with a volume of concentrated HCl equal to one-fifth the amount of urine (Shafik
et al., 1973), f itte d with Snyder columns and heated in
a boiling water bath for one hour.

The samples were then

removed from the bath, cooled and analyzed , as previously
described in the hydrolysis measures for both compounds .
However , because the overlapped peaks on HPLC response
from interfering substances of ur i n,e in almost every
instance of dicarnba occurred, .it was decided not to
calculate dicarnba residues in all ana lytical procedures
since it was not a major concern in this study.
Assay of 2, 4 - D r esidue· in animal urine .

Frozen

urine samples of guinea pigs, exposed to a single dermal
treatment of three different concentration levels of
2,4 - D and dicamba mixture of DMA salts were thawed under
refrigeration 24 to 48 hours prior to extraction .

The
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precipitate which appeared in the samples was dissolved
by adding dropwise a volume of concentrated HCl equal to
one-fifth the amount of urine (Benevue et al., 1966).

The

acidified urine was swirled for one minute and a 12 ml
aliquot was then transferred to a 25-ml evaporative
concentrator tube fitted with a Snyder column and heated
in a boiling water bath for one hour in order to hydrolize
conjugated metabolites of 2,4-D to yield free acid.

After

hydrolysis time, the sample was then removed from the
bath, cooled and analyzed as previously described in the
hydrolys is measures for 2,4-D assay.
Assay of pronamide residue in animal urine.

Frozen

urine samples of guinea pigs exposed to a single skin
treatment of three different concentration levels of
technical grade pronamide solution were thawed under
r e frigeration 24 to 48 hours prior to extraction. , Concentrated HCl equal almost to the amount of urine ( 10 ml
urine:ll ml concentrated HCl) was added dropwise to
dissolve the precipitate appearing in the urine.

The

acidified sample was swirled for one minute and a 21 ml
aliquot was

tra~sferred

to a 25-ml evaporative concentrator

tube fitted with a Snyder column and heated in a boiling
water bath for nine hours to liberate 3,5-DBA from
amide bond of pronamide and conjugates.

Following

hydrolysis time, the sample was removed from the bath,
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cooled and analyzed as previously described in the
determination of the hydrolysis time for technical grade
pronamide.
Assay of 2,4-D residue in human urine.

Frozen urine

samples of applicators were thawed under refrigeration and
then mixed >vell before use.

A 50 ml aliquot was trans-

ferred to a 125-Erlenmeyer flask, acidified slowly with
a volumn of concentrated HCl equal to one-fifth the amount
of urine (Shafik et al., 1973), fitted with a Snyder
column, and heated in a boiling water bath for one hour to
release 2,4-D acid from conjugates.

After hydrolysis

time, the sample was removed from the bath, cooled and
analyzed as previously described in the hydrolysis
measures for 2,4-D assay.
Assay of pronamide residue in human urine .

Frozen

urine samples of applicators were thawed under
refrigeration and then mixed well before use.

A 50 ml

aliquot was transferred to a 125-Erlenmeyer flask,
acidified slowly with 55 ml concentrated HCl, fitted with
a Snyder column, and heated in a boiling water bath for
nine hours to release 3,5-DBA from conjugates.

After

hydrolysis time, the sample was removed from the bath,
coo l ed, and analyzed as previously described in the
determination of the hydrolysis time for technical grade
pronamide.
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Desorption of Trapping Media
Soxhlet extraction of absorbent and adsorbent medi a.
Frozen samples of pads, masks, gauze swabs, florisil and
XAD-4 resin containing 2,4-D and dicamba or pronamide
residues were thawed under refrigeration 24 hours prior
to use. The samples were cut into pieces when necessary
and placed directly, except solid adsorbents, into a
Soxhlet extractor .

The Soxhlet was joined to a 1 25 - ml

volumetric flask containing 100 ml methanol.

The

extraction was allowed to proceed for four hours with
sufficient heat.

Following the extraction period, the

extract was cooled and transferred to a 250-ml roundbottom flask.

The Soxh l et and the volumetric flask were

rinsed with methanol, and the rinsings were combined
with the extract .

The methanol extract was evaporated

just to dryness by rotary vacuum evaporation at 65°C.
Residues of 2,4 - D and dicamba were rinsed with 5-10 ml
methanol from a washing bottle, transferred into a 20 - ml
vial, and evaporated to dryness in a water bath at 50°C
with a gentle stream of dry nitrogen.

The residues were

redissolved in 1 ml methanol , and an appropriate
dilution(s) was made from this sample when necessary for
HPLC analys i s.

Pronamide residue was redissolved in

10 ml water and taken through the hydrolysis procedure
as previously described to release 3,5 - DBA for
quantitation.
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Hand rinsings.

The 95 percent ethanol hand rinsings

of pesticide applicators were removed from the freezer
and filtered through ll em high quality analytical filter
paper (S & S #597)

fitted glass funnel into a 250-ml

round-bottom flask.

The funnel and filter paper were

rinsed with methanol over the flask, and the filtrate
was then evaporated just to dryness by rotary vacuum
evaporation at 65°C.

The rest of the procedure followed

as described in Soxhlet extraction of absorbent and
adsorbent media .
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RESULTS
Several preliminary investigating steps were made to
establish HPLC conditions under which 2,4-D, dicamba and
3,5-DBA could be measured.

Prior to applying these

conditions to human or animal samp le assays, a series of
conce nt rations of analytical standard acids were injected
in HPLC to determine the peak heights and the retention
time as well.

The peak height response was li ne ar over

the range tested.

Slight variation appeared in the

retention time from day to day that could be related to
minor changes in HPLC operating conditions.

However,

under these conditions, the retention time was considered
to be 3.9±0 . 1, 7±0 .2, and 9.6 ±0 .1 minutes for dicamba,
2,4-D and 3,5-DBA, respectivel y .

The efficiency and precision of the analytical
procedure were established from assays of the active
ingredients of liquid amine formulations and fortified
urine samples (Tables 5, 6 and 7).

The percent active

ingredients in the 2 , 4- D and dicamba amine formulations
were confirmed by HPLC (Table 5).

This direct analysis,

in which the parent compound was not hydro lyzed, may not
be suitable for quantitation of total herbicide and
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Table 5.

Determination of percent of active ingredients
of 2,4-D and dicamba in amine liquid formulations

Formulated
Sample (mg)

Compound

Analysis a

Residue
Found (mg)

Active Ingredients %

2

2,4-D

nonhydrolysis

1. 50

75.0

50

2,4-D

nonhydrolysis

37.50

75.0

2

dicamba

nonhydrolysis

1. 0 8

54.0

50

dicamba

nonhydrolysis

26.60

53.2

aBased on the use of the described method

Table 6.

Percent recoveries of 2,4-D and dicamba after
hydrolytic processing of formulated materials
considering 2,4-D and dicamba amines to be 75
percent and 53 percent active ingredients,
respectively (see Table 5)

Formulated
Sample (mg)

Residue
Found (mg)

Recovery

Compound

Analysis a

2

2,4-D

hydrolysis

1. 30

87.0

50

2 ,4-D

hydrolysis

33.20

88.0

2

dicamba

hydrolysis

1. 00

92.0

50

dicamba

hydrolysis

22.10

83.0

"Based on the use of the described method

(%)
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Table 7.

Percent recovery of 2,4-D from fortified
urine samples

2 ,4-D
added (mg)

Found
(mg)

so

4 8. 5

9 7. 0

100

70.4

70.0

100

78 . 4

78.0

100

88.0

8 8. 0

Recovery

a

(%)

aBased on the hydrolysis process, the average
recovery was 83 percent

herbicide metabolites excreted.

Hydrolysis with acid to

liberate the free acids from conjugates would be
necessary.

Table 6 shows recoveries after acid

hydrolysis of aqueous amine formulations exceeded 80
percent of 2,4 - D and dicamba acids.
Recovery of residues from urine samples (Table 7)
was less than that from aqueous solutions (Table 6) .

The

difference in recovery between the two media could be
related to either the formation of an emuls i on layer in
urine samples during centrifugation that would prevent
complete aspiration of the organic top layer (benzene)
or from the appearance of interfering urine constituents
on HPLC response at the same time of 2,4-D detection, or
both of these.

59
In an attempt to determine the time required to
liberate 3,5-DBA from pronamide in a hydrolysis process,
results of 12 hydrolyzed samples of commercial pronamide
indicated that the time required to complete the reaction
for the specified procedure was approximately five hours
(see text and Figure 4).

The hydrolysis time was then

chosen to be nine hours throughout the procedure to
insure completion of the reaction.

Quantitation of the

detected residues was based on the following calculation:

~g/ml

sample peak height in em x standard cone.
standard peak height in em . in ~g/ml
Animal Dermal Absorption Study

Dermal Dose-Excretion Relationships of 2,4-D
The cumulative 2,4-D residues recovered from urine
extracts of guinea pigs that were given three aqueous
dosage levels in topical applications of liquid amine
formulations
Table 8.

(containing 2,4-D and dicamba)

are shown -in

As the dosage was increased from 6 to 24

mg/animal, excretion levels of residues in urine were
also increased over the range tested.

Very little

2,4-D was recovered by swabbing the treated skin area
with ethanol -soaked gauze swabs.

Dicamba residues were

not measured because of interfering substances of urine
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Table 8.

Urinary excretion of 2,4-D and reco very by
alcohol skin swabs for guinea pigs following
dermal application of a 2.5:1 mixture of 2,4-D
and dicamba DMA salts

Hours
Post-treatmenta

mg 2,4-D Equivalents for 2,4-D Amine
Mixture Dosage (mg/animal)
6b
l2b
24b

0

N.D.

N.D.

N.D.

5

0.07±0.06

0.47±0.05

0.62±0.18

10

0.06±0.01

0.18±0.03

0.19±0.07

24

0.29±0.13

0.32±0 . 08

0.83±0.18

48

0.64±0.29

0.36 ±0.08

1.27±0.24

72

0.18±0.03

0.31±0.05

0.55±0.14

96

0.82±0.23

1.65 ::0 .60

0.64±0.09

120

0.41±0.13

0.39±0.15

0.64±0.27

144

0.40±0.12

0.68±0.11

0.55±0.18

2.87 ±0.45

4.36±0.70

5.29±0.68

Total residues
in urine

Residues re covered
by swabs (2 4
and 48 hrs total)

0.80

Total residues
recovered, mg

3. 6 7

6. 36

9.49

61.00

53.00

40.00

Total residues
recovered,. %

2.00

4.20

azero interval represents the base-line urinary
levels of 2,4 - D residues in the 24 hour period before
treatments .
Residues at 96, 120 and 144 hours postt reatmen t were from guinea pigs that were topically
treated with a dose of technical grade pronamide on the
fourL~ day after the 2,4-D amine mixture application.
bRecove red urinary residues of 2, 4-D are expressed
as the !·i =an±S.E., and undetectable residues are
symbolized as N.D.
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which were found in almost every instance with dicamba
on HPLC response.
Dermal Dose-Excretion Relationships of Pronamide
Cumulative urinary excretion of pronamide expressed
as 3,5 - DBA released from the acid hydrolysis are presented
in Table 9.

The pattern of residue excretion seemed to

be more uniform than that observed for 2,4-D amine
mixture.
Human Exposure to Herbicides
Measurement of 2, 4-D Residues
Urinary excretion of 2,4-D residues was detected and
quantified in the base-line urine of applicators prior to
the day of exposure study.

Excretion of 2,4-D resi d ues

in urine of the spraymen was greatly increased after each
spraying trial (Table 10).
Results of skin contamination measures, inhalation
measures, and air concentration in the \vork environment
are presented i n Table 11.
Measurement of Pronamide Residues
Detection and quantitation of pronami de

(expressed

as 3,5-DBA as an indirect measure for pronamide
exposure) in the urine of applicators is given in Table
12.

Only minute quantities of residues were detected in

urine s a mples under the existing conditions before and
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Table 9.

Urinary excretion of pronamide (expressed as
3,5-DBA) and recovery by alcohol skin swabs
for guinea pigs following dermal application
to animals
Pronamide Dosage (mg/animal)
sa
lOa
2oa

Hours
Post-treatment
ob

N.D.

N.D.

N.D.

5

0.32±0.10

0.40±0.14

0.31±0.03

10

0.26±0.05

0.40±0.12

0.44±0.07

24

0.50±0.04

0.75±0.22

o. 73±0.08

48

0.50±0.02

o. 35±0.05

0.59±0.06

72

o. 30±0.01

0.19±0.02

o. 30±0.04

1. 88±0 .19

2.09±0.26

2.37±0.02

Total residues
in urine

Residues recovered
by swabs (24
and 48 hrs total

0.40

0. 30

0.40

Total residues
recovered, mg

2.28

2. 39

2. 77

46.00

24.00

14.00

Total residues
recovered, %

aRecovered urinary residues of pronamide (expressed
as 3,5-DBA) are indicated as the Mean±S.E., and undetectable residues are symbolized as N.D.
Pronamide
equivalents of 3,5-DBA can be estimated from the
following equation:
Equivalent
pronamide (mg)

Mol. Wt. of pronamide X 3,5-DBA in
Mol. Wt. of 3,5-DBA
sample (mg)

bZero interval represents the base-line urinary levels
of pronamide residues in the 24 hour period before treatments. The animals had received dermal application of
2,4 - D:dicamba salts mixture 72 hours prior to the
pronamide application.

Table 10.

Detection and quanti tation of 2, 4-D residues in the urine of
applicators

Treatment
Dates

Subject

Type of
Sample

August 27

driver

base-line
24-hours

sprayman
September 6a driver

2,4-D Cone.
( ~g/mll

Residue
Found (mg)

254

1. 08

0.27

12 35

1. 27

1. 57

base-line

132

3.14

0.41

24-hours

1510

5.05

7.62

48

1. 26

0.06

900

0.98

0. 88

33

8.42

0. 2 8

1400

5.08

7.11

base-line
24-hours

sprayman

Urine
Vol. (ml)

base-line
24-hours

aApplicators claimed that they sprayed concentrated liquid amine
formulations of a 2,4-D and dicamba mixture on September 5 , 1979 using
leaking hand gun machines.

...
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Table ll.

Detection of 2, 4-D residues in the work environment. 2 , 4-D residues were
collected from a 2 . 5: l mixture of 2, 4-D and dicamba DMA salts by using
filter paper pads and micropore masks during weed spraying operations in
19 79

Treatrrent Dates
and
Sarrpling Duration
August 27
(90 minutes)
Septe mber 6
(120 minutes)

Subject_

Dermal Exposurea
.
IJg/cmL/hr
Resp~ratory Exposure
Fore- Shoul- "V" of Back ·
Ha_nds
Masks
Air Samplesc
a rms
ders
chest
of neck - (IJg/hr) (IJg/hr)
(IJg/hr)

driver

0. 4

0.5

0.3

0.1

115 82 . 0

137.6

9 B. 4

sprayman 48.8

ll. 2

4.8

0. 3

22777.8

137.6

98.4

1.7

0. 3

0.2

0.1

24416 . 7

285. 7

92.0

sprayman 10. 4

12.9

16. 7

1.3

27083.3

230.2

92.0

6.2

5 .5

0.4

21464 . 9

197.8

95.2

driver

Average

15.3

aDermal con tamination was measured by pads (see text).
Shoulder values were used
for facial exposure and locations of pads r epresented unclothed surface areas of the
body. The left and right sides of the body values were averaged, and the measurements
were adjusted for one hour of work.
Average temperature was 22 ±2° C; RH was below 50
percent; and wind was calm.
bMicropore mask contamination was recorded as micrograms/hr/man. The author's mask
(contro l) value was 48.7 llg/hr in the cab of the truck, and the observer (as a bystander)
value was 38.1 11g/h r on the edge of the sprayed field.
cAir concentration values were measured by using an auto hand vacuum cleaner and
florisil as the adsorbent on August 27 and XAD-4 resin on September 6. The flow rate
of the vac uum during sampling was 20L/minute, and the duration of air sampling was 10
minutes for each sample collector .

0\
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Table

12.

Detection and quantitation of 3,5-DBA in the
urine of pronamide applicatorsa

Treatment SubDates
jectb
November
16

Type of
SamQle
base-line
24-hours

2

base-line
24-hours

18

1

21

2

3,5-DBA Cone. Residue
found (mq)
(~ g,C:ml)

200

N.D.

N.D.

1030

0.19

0.20

200

0.54

0.11

1500

0.77

0. 12

200

N.D.

N. D.

1040

0 .27

0.28

base-line

200

N.D .

N.D.

24-hours

560

N.D.

N.D.

base-line
24 - hours

2

Urine
Vol.(ml)

base-line

120

N.D.

N.D.

24-hours

500

0.69

0 . 35

base-line
24-hours

200

N.D.

N. D.

1530

N.D.

N.D.

aThe spraymen were fully clothed and t heir heads were
covered . Gloves were put on after mixing and t ank filling
in each spraying operation.
The undetectable residues of
3,5-DBA from the hydrolysis process are indicated as N. D.
bSubjects 1 and 2 were both involved and exposed simultaneous ly in each spraying operation .
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after the spraymen exposure study.

The low level

detection of pronamide residues could be related to the
autumn spray of pronamide and/or the method used in the
herbicide application.

Table 13 shows detection of

pronamide residues in the work environment.

Table

13. Detection of pronamide residues in the work environment. Pronamide
r es idues were collected by filter paper pads and micropore masks
during weed spraying operations in 1979
Dermal Expo s ureb
~g/cm L/hr

Respiratory Exposur e
i"asksc Air Samplesd
( ug/hr)
( vg/hr)
N.D.
276. 9
N.D.
276.9

Treatment Dat es
and
Sa mpling Duration Subject a
Novembe r 16
1
2
(120 min ut es)

Fore- Shoul arms
ders
0.2
0.1
0.4
0.3

November 18
(70 minutes)

1
2

N.D.
N.D.

N.D.
N.D.

N.D.
0.6

N.D.
0. 3

567.0
115.4

N.D.
N.D.

N.D.
N.D.

Novembe r 21
(70 minutes)

1
2

0.6
0. 1

0.1
N.D .

N. D.
N.D.

N.D.
N.D.

4 38 .5
130.2

9.9
N.D.

N.D.
N.D.

Average

0.3

0.2

0. 5

0. 3

228.5

9.9

276.9

"V" of Back
Hands
chest of neck ( ~g/hr)
0.4
N. D.
97.1
N. D. N.D.
23.1

asub jects 1 and 2 were both involved and e xposed simultaneously in each
s praying operation.
bDermal contamination was measured by pads (see text). Should e r values were
used for facial expos ure and locations of pads represented unclothed surface areas
of th e body. The left and right sides of the body values were averaged, and the
measurements were adj usted for one hour of work . Quantitation of residues was
based on acid hydrolysis of pronamide to release 3,5 -DB A.
Undetectab l e residues by
HPLC a re listed as N.D . Average temperature was 2±1°C; RH was below 50 percent;
and wind was calm on Nove mber 16, six miles/hour on November 1 8 and three miles/hour
on Nove mber 21 .
c Micropore ma s k contamination was record ed as micrograms/hr/man.
d A~r
. conc e ntrat~on
.
va l ues were measured by usin g an auto hand vacuum cleaner
and XAD -4 re s in as the trapping medium (see text). In mo s t cases, air sampling
was done on e dge of the sprayed fie ld s and too far from the spraying operations .
~
00
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DISCUSSION
Analytical Procedure
A simple and sensitive HPLC procedure was used for
simultaneous determination of 2,4 - D and dicamba acids
from amine formulations and 3,5-DBA from technical grade
pronamide.

The methodology was based on acid hydrolysis

with concentrated HCl and extraction of the organic
layer with benzene.

Quantitation was by peak height

comparisons to authentic standards.
Recoveries of 2,4-D residues after acid hydrolysis
exceede d 80 percent, but recovery of residues from urine
samples was less than th at from aqueous solutions.

The

difference in recovery between the two media could have
been related to either the formation of an emulsion
laye r in urine samples during centrifugation th at would
prevent complete aspiration of the organic top layer or
from the appearance of interfering urine constituents on
HPLC response at the same time of 2,4-D detection, or
bo th of these .

However, the hydrolysis and cleanup

procedures could possibly be modified to improve HPLC
sensitivity for other pesticide formulations.
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Animal Excretion Pattern of Herbicides
Dermal penetration of p es ti cides has been studied
in vitro through rat skin (O'Brien and Dannelley, 1965)
in vivo studies with human skin (Feldmann and Maibach,
1970), and with albino rat and rabbit (Weil et al ., 1971).
But no wo r k has yet been done on dermal dose-excretion
relationships of 2,4-D o r pronamide in man or animals.
DMA Salts of 2,4 - D and Dicarnba
Rates of pesticide penetration through human skin
have been approximated by the use of guinea pigs .

Four

groups of guinea pigs were dermally treated a t dose
levels of 0,
mixture

•~ith

8.4 , 16.8, and 33.6 mg a.i. of 2,4-D amine
dicarnba at a ratio of 2.5:1 by vo lume.

Since

the animals averaged 366 g weight, the doses were 0 , 16 . 4,
32.8 and 65 . 6 mg 2 , 4-D per kg of body weight.

Tap water

was used as a control and solvent for all chemicals.
Oral ingestion of 2 , 4-D alone resulted in its
excretion as unchanged 2,4-D by rabbits (Levey and Lewis,
1947) and sheep (Clark et al. , 1964) in the urine within
24 hou r s post-treatment.

Khanna and Fang (1966)

reported that the rate of 2,4-D elimination was dosagedependent.

Similarly, pharmacokinetic study of 2,4-D

alone in six subjects (Kohli et al ., 1974 ) indicated
that an oral dose of 5 mg/kg was rapidly absorbed and 75
percent was excreted in the urine in 96 hours .

Topical
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applic a tion of 2,4-D and dicamb a amine mixture in guinea
pigs could cause change in the pharmacokinetics due to
the interaction between the two chemicals during their
elimination, as was reported by Young and Haley (197 7) .
These workers studied the pharmacokinet i cs of 2 , 4-D and
dicamba simultaneously on a woman who intentionally
ingested a formu l ation containing 2 , 4-D and dicamba, by
esti mating blood residue levels and urinary excretion .
Yo~~g

and Haley (1977) conc l uded from simulated informa-

tion in a hybrid computer on these compounds that if 2, 4 - D
had not been present, the elimination rate of dicamba
would be different because it was the preferred chemical
for elimination .

By combining the elimination rate
constants to predict an effective
biologic half-life , dicamba was
b e nefitting from the extra urinary
excretion route . When 2 , 4- D
utilized this extra excretion r o ut e ,
the elimination rate for 2,4-D
increased to about 17 hour half-life
and d i camba slowed to a 20 hour
half-l ife. This shared elimination
route could wel l be a metabolic
pathway emp l oying glycine conjugat ion
of dicamba .with preferential elimination until the relative concentrations
of the two chemicals favored 2 ,4- D.
(Young and Haley, 1977, p.496)
The pattern of cumulative mean excret i on of 2 ,4- D
in urine of guinea pigs treated with a mixtur e of 2 , 4-D
and dicamba DMA salts is presented in Table 8 and
Figure 5 .

A comparison of the results sumrr.arized in

Table 8 an d Fi g ure 6 in dicate t hat there is a curvilinear
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0 0~~~~
2.------.-8------7~2----~9~6----~1:20~---:14~4
HOURS

Figure 5.

Cumul a tive mean excretion va l ues of 2,4 - D±S.E
in urine of guinea pigs treated by single
app l ications at three concentration levels of
formulations containing a 2 . 5 : 1 mixture of
2,4-D and dicamba DMA salts.
Residues at 96,
120 , and 144 hours post - treatment were from
guinea pigs that were topically treated with
a dose of technical pronamide on the fourth
day after the 2,4-D amine mixtur e application .
0--Represents a dose of 6 mg a . i . /animal
.__A dose of 12 mg a . i. / anima l
0--A dose of 24 mg a . i . /animal
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Dose - excretion relationships of 2,4-D amine
mixture in guinea pigs after 144 hours .
Correlation between dosage (X) and cumula tive
excretion (Y) indicated that
Y = 2.64e 0 · 03 X and r 2 = 0 . 84 .
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relationship between the applied dose or the apparent
amount absorbed from the dose and the cumulative urinary
excretion of 2,4-D residues .

The results were also

shown that as dosage was increased from 6 to 24 mg a.i.
of 2,4-D per animal, the urinary residue output was also
increased steadily over the range tested with a
correlation coefficient (r)

value of 0 . 92 .

Dicamba

could not be quantified because of interfering materials
in urine.
P=n~i~

Seventy -two hours after 2,4-D amine mixture
application on the same groups guinea pigs, aqueous
solutions of technical grade pronamide were applied
dermall y at dose levels of 0, 5, 10 and 20 mg a.i . per
animal (i . e. , 0, 13.2, 26 . 4 and 52.8 mg a.i .
pronamide/kg for 379 g guinea pigs).
The pattern of cumulative mean urinary excretion
of pronamide (expressed as 3 , 5-DBA) by guinea pigs
treated with a single percutaneous application of three
dosage levels is presented in Table 9 and Figure 7.
The correlation from the obtained results between dose
applied and cumulative excretion of residues was high
(Table 9 and Figure 8), with a correlation coefficient
(r)

value of 0 . 99.
~aboratory

studies with dermal application of the

herbicides to guinea pigs were made to confirm that
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Cumulative mean excretion values of pronamide
(expressed as 3 , 5-DBA) ±S.E. in urine of guinea
pigs treated by single applications at three
dosage leve l s.
a--Represents a dose of 5 mg a . i./animal
.__A dose of 10 mg a.i./animal
.__ A dose of 20 mg a . i./animal
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Dose - excretion relationships of pronamide
(expressed as 3,5-DBA) in guinea pigs after
72 hours .
Correlation between dosage (X)
and cumulative excretion (Y) indicated that
0 015 x a n d r 2 = 0.99 .
Y = 1.78e ·
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dose-related excretion of residues would appear in
mammalian urine and to simulate some of the realities
of possible exposure to humans.

These included the fact

that the Cache County weed crew, human subjects for
part of the study, do not spray 2,4-D alone, but use a
mixture of the amine salts of 2 , 4-D and dicamba.

It may

also be expected that once dermal exposure has occurred,
that human subjects will wash periodically and further
that during an active spray season, a new herbicide may
be incorporated into the spray schedule .
The guinea pigs were thus treated with 2 , 4-D plus
dicamba at 0 hours and the skin surface which received
the herbicides was swabbed with alcohol at 24 and 48
hours after treatment.

At 72 hours, pronamide was

applied to the same animals and at 96 and 120 hours the
skin was again swabbed with alcohol.

Urinary residues

were measured until 144 hours after 2,4 - D and dicamba
application and until

72 hours after pronamide

application.
The results of residue analysis of guinea pigs urine
are reported in Tables 8 and 9 .

Figures 6 and 8 show

these data plotted for cumulative residues in the urine.
It was a consequence of the experimental objectives at
the times indicated above that changes in the condition
of the animals were made, i . e., alcohol swabbing and
pronamide applications.

Despite this there was a
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reasonable relationship between dose, time, and level of
urinary residues.

A curvilinear model, Y

high correlation coefficients (r)
periods considered in the data .

=

aebx, provides

to most of the time
Since the animal's

conditions were, strictly speaking, not constant throughout the excretion period, individual models were computed
for every possible time period.

A sample of t hese appears

in Table 14 for 2,4-D amine mixture and for pronamide in
Table 15 .
In practical situations, an attempt to estimate
exposure level based upon urinary residues may be
confounded by a loss of some of the urine samples needed
to make a cumulative estimate of urinary excretion since
exposure.

Tables 14 and 15 show for the herbicides

studied, that, when individual time periods are
considered, the coefficients of the relationship do vary
and this type of incremental approach to the data may be
necessary.
The equations in Figures 6 and 8 however, do not take
into account the factor of time.

It seems particularly

apparen·t in Figure 6 that the relationship between dose
and cumulative excretion of 2,4 - D in the presence of
dicamba had dose-excretion relationships which were
fairly linear in character.

This can be seen by comparing

the coefficients of the curvilinear correlations for both
herbicides (Tables 14 and 15).

All of the data for
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Table 14.

Correlation parameters and coefficients (r 2 )
for 2,4-D residues (Y) excreted in the urine
of guinea pigs treated with (X) mg 2,4-D/animal,
dermal dosage, and with dicamba where Y=aebx.
The animals were treated with pronamide at 72
hours.
Original data appears in Table 8

End of Sampling in Hours

Beginning
Hours

0

144

120

96

72

48

24

a

2 . 61

b

0. 0 3
0.85

2.18
0.03
0.90

l. 84
0. 0 3
0.85

0. 85
0.06
l. 00

o. 72
0.06
0.99

0. 32
0. 07
0.90

2.49
0. 0 3
0.90

2.09
0.02
l. 00

1.18
0. 0 3
0.24

0. 6 3

0.58
0.01
0.01

2. 36
0.02
0. 74

l. 59
0.02
0. 70

0.50
0.05
0.75

0.34
0.05
0.48

l. 0 8
0.09
l. 00

l. 28
0.00
0.00

0.13
0.06
0 .9 7

l. 99
0.00

l . 32
-0 .02
0.18

r2
24

48

a
b

r2
72

a
b

r2
96

a
b

r2
120

o.oo
o. 77
0.02
0. 82

0.04
0.50
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Table 15.

Correlation paramete rs and coefficients (r 2 )
for pronamide residues (Y) excreted in the
urine of guinea pigs treated with (X) mg
b
pronamide/animal, dermal dosage, where Y=ae x
The animals were treated with pronamide at
72 hours after 2,4-D amine mixture application

Beginning
Hours

End of Sampling in Hours
a,b,r

2

72

48

24
1.10
0.02
0.45

0

a
b
r2

l. 76
0. 0 l
0.98

l. 51
0.02
0. 85

24

a
b
r2

1.16
0.02
0.87

0.91
0 . 02
l. 00

48

a
b2
r

0.62
0. 01
0.15

2,4-D excretion we re therefore a nalyzed by multiple
linear regression to produce the following equation:
Dose

ll . l - 0.0164 (hours) + 7 . 57 (urinary residue
in mg)

This multiple linear regressio n equation for 2,4-D
had a correlation coefficient (r) of 0.34 which was not
significant.

Therefore , this equation is not efficient

for prediction of a dose from urinary residue excretion
at a time in guinea pigs.
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A similar multiple linear regression equation was
also calculated for pronamide as shown below:
Dose

6.95 + 0.0129 (hours) + 10 . 2 (urinary residues
in mg)

The pronamide multiple linear regression equation
had a correlation coefficient (r) of 0.25 which again
would not be useful in predicting the dose from single
observations of residues in urine.
Another multiple regression model computed was of the
form:

where Y is a dose;
residue at time

x1

is a time; and

x2

is urinary

x1 .

This model yielded equations with a somewhat better
correlation coefficient for 2,4-D (r
improved for pronamide (r

=

0.47) butnot

0.25).

Further research directed to establishing optimum
correlation models is needed that might permit efficient
prediction of a dermal dose from urinary excretion values.
There were however, regular relationships of
cumulative excretion of res i dues in the urine of guinea
pigs in relation to dose which could be modeled by
curvilinear or linear equations.

These yielded highly

significant correlations permitting efficient estimation
of dose from cumulative residue excretion .

These findings
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suggest that if one is to use urinary residues to estimate
exposure to 2,4-D or pronarnide, that cumulative urine
samples should be obtained as soon as possible after the
incident .
Human Exposure to Herbicides
DMA Salt of 2,4-D
The urinary excretion of 2,4-D residues and the
estimated derma l contamination during applicators'
activity are summarized in Tables 10 and ll.
Batchelor and Walker (1956), using Berkow's table
(Berkow, 1931), calculated the assumed total exposure
surface area of unclothed body parts in such exposure
situations for a 70-kg man as 0.293 m2 .

That area is

comprised of the forearms, 0.121 m2 ; face , 0.065 m2 ;
"V" of the chest, 0.015 m2 ; back of the neck 0.011 m2 ;
and hands, 0.081 m2 .

Dermal exposure/hr/man was

therefore calculated by multiplying the results from
the pads by the corresponding exposed skin areas
(Batchelor and Walker, 1956), adding the products, and
dividing the sum by one thousand.
Dermal exposure of applicators to 2,4-D residues
recorded at different dates was calculated to be 19.58
mg/hr for the driver and 70.28 mg/hr for the sprayman
(Table ll).

This g ives a mean value for those workers of

44.93 mg/hr/man since they alternated positions each
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spraying date .

The mean daily e xposure value based on a

six-hour working day for thos e workers was calculated to
be 269.6 mg/man/workday (117.5 mg/driver to 421.7
mg/sprayman/workday) which is equivalent to 3.85
mg/kg/day for a 70-kg man.
The mean resp i ratory value obtained indirectly from
the masks of the workers was 0.2 mg/hr/man (0.18-0.21
mg).

The mean respiratory value measured by this method

might be slightly overest i mated because of drift
impingements and hand contamination of the masks during
the spraying trial.

However, the author's mask value

was 0.05 mg/hr which served as a control in the breathing
zone of the truck cab, and the observer ' s mask value was
0.04 mg/hr acting as a bystander in the field far from
the spray.
The air concentration value was measured directly
by the use of an auto hand vacuum cleaner , modified by
the author and used to e s tablish an air samp l ing value
during the course of this study .
and XAD- 4 (20/50 mesh)

Floris i l

(60/100 mesh)

resin were both used to adsorb

air concentration of 2 , 4 - D residues during the spray .
Flori si l gave s l ightly higher values than XAD-4 resin,
but cannot be conclusive in such a study.

However , the

mean air concentration value for 2,4 - D was estimated to
be 0.08 mg;m 3 which is below the recommended Threshold
Limit Value (TLV) of 10 mg/m 3 established by the American

84
Conference of Governmental Indus trial Hygienists (ACGIH,
1977)

for a normal eight-hour workday .
Correlation of estimated human exposure to 2,4-D

by pads for skin contamination and micropore masks for
inhalation vs. urinary excretion of residues cannot be
achieved since the applicators had practiced the spray
at different concentration levels in each assignment.
Pronamide
3,5 - DBA released from acid hydrolysis of samples
containing pronamide was used to express the presence of
pronamide residues.

Pronamide exposure study summarized

in Table 13 indicated that very little dermal contamination was detected during the spraying trials.

The mean

exposure values for skin contamination, respiratory, and
air concentration were estimated to be 0.83 mg/hr/man,
0.01 mg/hr/man, and 0.23 mg/m 3 , respectively.
Correlation of estimated dermal exposure of workers
(Table 13) to pronamide vs. urinary excretion (Table 12)
of residues, using the curvilinear relationships
(exponential curve), was very low with a correlation
coefficient (r) value of 0.54.
The low values reported for pronamide exposure may
reflect the type of equipment and method used in the
s pray ing.

In addition, the assumed unclothed body parts

were cove r ed during the spraymen activity in each trial.
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Therefore, the actual dermal exposures were undoubtedly
much lower than the calculate d estimates .
There appeared to be some bias factors and
significant variation in hazards for a given pesticide
exposure, due to the type of assignment, experience and
precision of the spray crew during the work, type · of
equipment and method

used in the spraying trial,

concentration of the chemical(s)

used, and the

meteorological conditions, all of which have an influence
on the outcome of the exposure measurement.
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CONCLUSIONS
Toxicology must depend on using animal data to
supplement and interpret more limited opportunities for
human study.

Results of animal exposure to single

treatments of an aqueous solution of 2,4-D amine mixture
or pronamide suggested that there is a strong relationship between the applied dermal dose and the urinary
residue excretion over the dosage range tested.
The guinea pig, based on literature review, is a
reasonable model for approximation of percutaneous
penetration of pesticides in man .

However, in this study,

the relationship between estimated human exposure and
pesticide r e sidue found in urine samples was not similar
to that of the guinea pig.

This does not mean that

animal data cannot be used to guide the development of
protocols for human exposure studies.

It also does not

mean that meaningful dose-excretion relationships cannot
be made for humans.

Comparison of the hairy guinea pig

skin with that of man may not be justified regardless of
known regional variation in percutaneous penetration in
man (Maibach et al., 1971).

There are, in human exposure

situations, too many variables of behavior, circumstance,
and pattern of pesticide use to assume that absorptive
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pads and, especially, hand rinses can be very useful.
Howe ver, if a quantitative relationship is desired
between dermal dose exposure and residue excretion in
urine, only part of the hand contamination va l ue
(perhaps 10 % of the total hand rinses)
considered.

should be

This is because the hands are the greatest

source of variabi l ity during exposure of the spraymen.
An approach to exposure estimation via urinary

analysis seems more logical, in terms of pharmacodynamics
and an ana l ytical approach, than use of external trapping
media on the assumed unclothed body surface areas.

It

would be better to emphasize urine analysis and sampling
of the work environment , as through high volume air
samplers, to proceed further in assessing human risk to
chemicals exposure.
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SUMMARY

A simple and sensitive HPLC procedure has been used
for simultaneous determination of 2,4-D acid from amine
formulation and 3,5 - DBA from -technical grade pronamide,
and their residues in urine or collected from skin and
absorptive pads .

The procedure methodology was based on

acid hydrolysis using concentrated HCl, and involved
extraction with benzene.

Quantitation was by peak height

comparisons to authentic standards.
Results of animal exposure study to these herbicides
suggested that there is a curvilinear relationship
between the dermal dose given and the urinary excreted
residues over the range tested .

As the dosage was

increased, the urinary excretion of residues was a l so
increased.
The excretion period of 2,4-D amine mixture after
exposure was prolonged in guinea pigs to more than six
days compared to p ronamide, although the urinary residues
of these chemicals were not leveled off completely at
the end of both experiments.
Residues of these herbicides were also detected and
determined by using pads, masks, and air sampling during
the work of spraymen as well as the excreted r esidues in
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their urine samples.

Correlation between the measured

residues from exposed subjects

and the residues found

in their urine specimens was unapplicable for 2,4-D
because the subject's work with 2 , 4-D was not limited to
the period of the study.

Poor correlation was found

in the case of pronamide applicators between the
estimated exposure and residues found in urine.
A simple and inexpensive method was developed by the
author for detection and quantitation of air concentration
values of chemical residues in the work situation.

Two

solid adsorbents , florisil (60/100 mesh) and XAD-4 (20/50
mesh)

resin, were us ed as the trapping media.

The XAD-4

resin was found to be sensitive and a better trapping
medium for pronamide than for 2,4-D amine mixture.

In

all cases, the TLVs were below the recommended values for
these compounds in the work environment .
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